Background: Personality traits and schizophrenia present gender differences; however, gender has not been considered in most studies on personality and schizophrenia. This study aims to identify the different personality dimensions of schizophrenia patients and healthy control subjects by gender and to explore the relationship between personality dimensions and illness severity variables by analyzing data for males and females separately.
Background
Personality is considered an important aspect of schizophrenia; it may influence symptom expression, patient insight, neurocognitive functioning, social functioning, and self-reported quality of life [1] [2] [3] , and some premorbid personality traits may be related to an earlier presentation of disease [4, 5] . Moreover, an overall prevalence rate of 39.5% for personality disorders has been reported among patients with psychotic disorders, although this prevalence rate does not differ from that for other severe mental illnesses [6] . Therefore, there is increasing interest in assessing the relationship between personality traits and the clinical features of psychotic disorders. Additionally, one major research focus is the use of personality traits to identify a specific profile associated with the risk of schizophrenia within the general population.
Historically, personality has been conceptualized through either categorical or dimensional models. Categorical models are based on the presence or absence of specific symptoms, while dimensional models assume a continuum between normality and abnormality and are thus the models of choice for assessing personality at least in control populations. Before the description of The Personality Inventory for DSM-5 (PID-5), there were many dimensional models of personality; some focused more on the characterization of normal personalities, whereas others were based on a dimensional reorganization of the diagnostic criteria for personality disorders. However, most of these models could be readily integrated within a common hierarchical structure [7] . The Temperament and Character Inventory (TCI) [8] is based on a psychobiological model with four temperament dimensions, including novelty seeking (NS), harm avoidance (HA), reward dependence (RD), and persistence (P), and three character dimensions, which are self-directedness (SD), cooperativeness (C), and self-transcendence (ST). NS reflects a tendency toward exploratory activity in response to novelty, impulsive decision making and active avoidance of monotony or frustration; HA is characterized by shyness, passiveavoidant behavior, rapid fatigability and worry in anticipation of possible danger; RD is the tendency to respond markedly to signals of reward and is manifest in social attachment and dependence; P is defined as perseverance despite frustration or fatigue; SD refers to self-determination, that is, the ability to control, regulate, and adapt behaviors to define, set, and pursue meaningful goals; C concerns the identification and acceptance of other people and reveals the tendency toward social tolerance, empathy, and compassion; and last, ST is associated with spirituality and with the concept of considering oneself an integral part of the universe. Studies conducted with the TCI have identified differences in both temperament and character between schizophrenia patients and control individuals. Most studies have observed that patients score significantly higher in HA and ST and significantly lower in SD and C compared with healthy controls, whereas the results for NS, RD, and P are inconclusive [9] . Regarding temperament, higher HA scores have been widely observed, and several authors have proposed that HA may be a genetic vulnerability marker for developing schizophrenia [10] [11] [12] . Regarding the character dimensions of the TCI, high ST and low SD and C scores have been associated with schizophrenia [9] . This same character profile was previously described as a schizotypal or disorganized configuration [8] .
Schizophrenia research suggests that the clinical presentation of the disease generally favors females because females appear to have a better disease course than males, as they present better remission rates, lower relapse rates, and a lower risk of being admitted to the hospital than males. Additionally, males consistently present more negative symptoms, an earlier disease onset, and poorer premorbid functioning and social functioning [13, 14] , while females have superior mentalizing abilities [15] . Regarding personality, gender differences have also been identified in the general population when analyzing the temperament dimensions of the TCI, with females scoring higher for HA and RD [16] . However, in studies comparing schizophrenia patients and control subjects, if gender is included in the analysis, it is generally treated as a covariate. Only one study has presented independent analyses comparing male and female schizophrenia patients with a control population, but the authors did not differentiate gender in the control group [17] . Moreover, in a recent meta-analysis of personality traits and schizophrenia, gender was identified as a significant moderator of the effect size for HA, which was positively correlated with the proportion of males in the samples [9] . Table 1 shows the studies that have compared personality dimensions between schizophrenia patients and control subjects.
Heterogeneity in personality traits may be related to clinical heterogeneity in schizophrenia and predict, for example, disease onset [4] , suicide behavior [26] [27] [28] and hospital admission. To our knowledge, no studies have investigated the relationship between the number of psychiatric hospital admissions and personality traits in schizophrenia; however, hospital admission has been related to age of first hospital admission [29] , stress management [30] , neuroleptic treatment [31] , gender, race [32] , social support [33] , and environmental conditions such as daily temperature range [34] .
Despite extensive research attempting to identify a personality profile to differentiate schizophrenia patients from the general population, studies considering gender differences are scarce; however, males and females may have different personality profiles, and this may also extend to schizophrenia patients, for whom the appropriate therapeutic interventions may vary by gender. This study aimed to identify differences in personality dimensions between schizophrenia patients and healthy controls by analyzing males and females separately and to explore the relationship between personality and illness severity by gender.
Methods

Study design
This cross-sectional study was approved by the Clinical Research Ethics Committee of the Hospital Universitari Sant Joan de Reus. Informed, voluntary, written consent was obtained from the patients and controls after a thorough explanation of the procedures, in accordance with the Declaration of Helsinki.
Clinical information and demographic data were obtained through semistructured interviews with the patients, the patient's relatives, and the controls. In patients, clinical information regarding age of disease onset, number of suicide attempts, and number of admissions to a psychiatric hospital were also obtained from the patient's clinical records, as shown in Table 2 .
All patients were diagnosed with schizophrenia according to the DSM-IV criteria, either by clinical criteria or by the Schedules for Clinical Assessment in Neuropsychiatry interview (SCAN) [35] . For patients who had been admitted to the psychiatric hospital for more than six months, we considered that schizophrenia diagnoses could be properly established by independent clinical interviews with two experienced psychiatrists. However, for patients who were admitted for less than six months, including those who had their first contact with our hospital, we considered that schizophrenia diagnoses should be confirmed by the SCAN. The control group, obtained from a population-based sample, was composed of mentally healthy subjects selected through medical interviews and by screening with the 28-item scaled version of the Goldberg General Health Questionnaire (GHQ) [36, 37] .
Participants
Patients were recruited from the Hospital Universitari Psiquiàtric Institut Pere Mata in Reus, Catalonia, Spain. Inclusion criteria consisted of a diagnosis of schizophrenia, clinical stability (symptoms could be present, but to a lesser extent than in the acute phase), age between 18 and 70 years old, white, parents born in Spain, no familial relationship with other study participants, and the ability to understand the nature of the study and to complete the questionnaire. Patients who were admitted to the hospital between 2009 and 2011 and fulfilled the inclusion criteria were invited to participate in the study. The control group was selected from a population-based sample between 18 and 75 years old (N = 800) that was randomly selected from the electoral rolls in three municipalities of a geographic region matching that of the patients. The inclusion criteria were Caucasian origin with parents and grandparents born in Spain, the capability of understanding the nature of the study, the absence of serious diseases that prevented participation, and in females, the absence of pregnancy or having given birth in the last 6 months. We selected unrelated participants (81 females and 133 males) who were 19 to 66 years old, had no antecedents of psychiatric illness, scored less than 7 on the 28-item GHQ, had valid data on the personality questionnaire, and did not differ statistically in age or gender from the patient group. A total of 161 schizophrenia patients and 214 control subjects participated in the study.
Study variables
Gender was defined as male and female sex. Age of disease onset was established as the first occurrence of prominent psychotic symptoms and signs. Number of suicide attempts was defined as any voluntary, harmful behavior with a suicidal intent that the patients had experienced throughout life. Number of admissions to a psychiatric hospital was considered as admissions either in acute units or rehabilitation units the patients had experienced throughout life. Personality dimensions included novelty seeking (NS), harm avoidance (HA), reward dependence (RD), persistence (P), self-directedness (SD), cooperativeness (C), and self-transcendence (ST).
Temperament and Character Inventory-Revised (TCI-R)
All participants completed the 240-item Spanish version of the TCI-R [38] . The items are scored using a fivepoint Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). The reliability and validity of The Spanish version of the TCI-R in the general population have been established [39] . The TCI-R was administered by clinical psychologists to the patients to avoid comprehension problems or attention bias during completion of the questionnaire and was self-administered for the control group.
Statistics
Estimations of the power of this study for comparing two means at the 95% confidence intervals were calculated using Open Source Statistics for Public Health (Open Epi 2.3.1) at www.openepi.com. The Student t-test, U Mann-Whitney test, or the χ 2 test was used to compare the sociodemographic and clinical variables between the groups. The scores of all dimensions followed a normal distribution; therefore, we used a two-tailed t-test to compare the TCI-R scores for the dimensions of the patients and controls. We computed the Pearson correlation coefficient between the TCI-R dimensions and age. The number of admissions to a psychiatric hospital, number of suicide attempts, and age of disease onset were not normally distributed; therefore, a Spearman correlation analysis was conducted between the personality dimensions and illness severity variables. A bivariate logistic regression was used to predict the outcomes of variables related to illness severity based on the personality dimensions and other predictive variables contributing to the model. Two groups in the outcome variable were established: the 25 th percentile in the first group and the remaining in the second group. The statistical significance level was set at p < 0.05. SPSS 19.0 for Windows was used to perform the analyses (Chicago, IL, USA).
Results
Case-control
Patients had significantly higher scores for HA and ST and lower scores for RD, SD, and C than controls. However, because in the control group females had significantly higher scores than males for HA, RD, and C (Figure 1) , we decided to stratify the sample by gender. Likewise, male and female patients had significantly higher scores for HA and ST and lower scores for RD, SD, and C than the male and female controls, respectively. However, the difference in the HA scores was significantly greater in the male group (difference between the means of 15.2 in males and 7.8 in females; p < 0.0001 and 0.015, respectively), whereas the difference in RD was significantly greater in the female group (difference between the means of 5.2 in males and 11.5 in females; p = 0.011 and <0.0001, respectively) ( Figure 1 and Table 3 ). For detecting significant differences between the two means for each dimension in the male groups, the power calculations of the study were as follows: NS, 14.4%; HA, 100%; RD, 71.6%; P, 28.5%; SD, 100%; C, 98.9%; and ST, 100%. In the female groups, the power calculations were as follows: NS, 9.9%; HA, 66%; RD, 99.4%; P, 9.7%; SD, 100%; C, 92.1%; and ST, 100%.
Additionally, in the control group, we observed an inverse correlation of age with NS (r = −0.303, p < 0.001) and a direct correlation with ST (r = 0.320, p < 0.001) in males but not females. In the patient group, there were inverse correlations of age with NS (r = −0.332, p = 0.017), RD (r = −0.301, p = 0.032), and C (r = −0.290, p = 0.039) in females but not males.
Illness severity
We investigated whether personality dimensions were correlated with variables associated with illness severity (number of psychiatric hospital admissions, number of suicide attempts, and age of disease onset). Distinct significant coefficient correlations were obtained based on gender. The number of psychiatric hospital admissions positively correlated with NS in males (r = 0.243; p = 0.012) and negatively correlated with SD in females (r = −0.308; p = 0.035). In males, but not females, the number of suicide attempts negatively correlated with SD (r = −0.222; p = 0.049) and ST (r = −0.322; p = 0.004). Table 4 shows that in the bivariate regression analysis, an increase in the NS score was directly related to an increase in the number of admissions in a psychiatric hospital in male but not female patients. In females, a decline in the SD score was directly related to an increase in the number of admissions to a psychiatric hospital. In male patients, increases in the SD and ST scores were related to a decrease in the number of suicide attempts. Age and years of evolution did not significantly contribute to the model and were therefore not included in the analysis. We want to note that male and female patients did not differ in either the median number of suicide attempts (median = 0 in both males and females; U = −0.421; p = 0.674; 25 th percentile = 0) or the years of evolution of the disease (median = 13 in males and 11 in females; U = −0556; p = 0.578; 25 th percentile = 4). The number of psychiatric hospital admissions was slightly higher in male patients than in female patients (median = 6 in males and 4 in females; U = −1.691; p = 0.091; 25 th percentile = 2), and the age of disease onset was lower in males than in females (median = 20 years in males and 25 years in females; U = −1.904; p = 0.057; 25 th percentile = 18). In male but not female patients, the number of psychiatric hospital admissions positively correlated with both the number of suicide attempts (r = 0.387; p < 0.001) and years of disease evolution (r = 0.315; p < 0.001) and was negatively correlated with the age of disease onset (r = −0.264; p < 0.01).
Discussion
Case-control
This study compared a large number of schizophrenia patients and healthy controls, which facilitated an analysis by gender because male and female healthy controls differ statistically in HA, RD and C. Compared with the controls, we observed that both male and female patients showed higher scores for harm avoidance (HA) and self-transcendence (ST) and lower scores for reward dependence (RD), self-directedness (SD), and cooperativeness (C). These data are consistent with most previously obtained results; however, no previous studies have analyzed males and females independently, although a case-control meta-analysis (384 patients and 656 controls) identified gender distribution as a significant moderator of the effect size for HA, which positively correlated with the proportion of males in the study sample [9] . We observed significant differences in HA and RD between patients and controls for both males and females; however, the differences were greater and more significant for HA among males and for RD among females. Thus, male patients who tend to be high in HA would be characterized by a greater tendency to be fearful, doubtful, easily fatigued and avoidant compared to healthy male subjects, whereas female patients who tend to be low in RD would be characterized by a low response to social pressure and difficulties maintaining and pursuing associated reward behaviors compared with healthy female subjects.
We did not identify differences in the personality dimensions between males and females in the patient group. Only one previous study has identified gender differences in HA [17] ; however, the sample for this study was small, such that the results may be due to a type-I error in the statistical analyses. In the control group of the present study, females had significantly higher scores than males for HA, RD, and C. These gender differences, along with higher P scores among females, which were not observed in the present study, were previously identified in the Spanish population by our group [38] . Notably, the controls in the present study were obtained from a population-based sample and were determined to be mentally healthy by the GHQ. Furthermore, females also had higher scores than males for HA and RD in a meta-analysis of the = 0.140 (Nagelkerke). *p < 0.05; **p < 0.01; ***p < 0.001. temperament dimensions of the TCI, which was conducted in healthy populations; the authors of the metaanalysis suggested that these differences should be considered in future studies using the TCI [16] .
Illness severity
Interestingly, we found that illness severity was related to specific personality dimensions by gender. The number of suicide attempts was negatively correlated with SD and ST in male but not female schizophrenia patients. It has recently been reported that HA and P are higher whereas SD and C are lower in suicidal schizophrenia patients compared with nonsuicidal schizophrenia patients [26, 28] . Additionally, low SD has been associated with current suicidal ideation, and low ST has been associated with lifetime suicide attempts in schizophrenia patients [27] . Therefore, although previous studies have shown that low SD scores are related to suicidal behavior, we found that the SD and ST scores were both related to suicidal behavior, but only in males. Hence, an increased number of suicide attempts in males could be related to their greater difficulties in regulating and adapting behavior and to a decreased sense of spirituality and universal identification. The study by Albayrak et al. (2012) [28] and our study were both conducted on schizophrenia patients and included similar sample sizes; however, Abayrak et al. used the true-false format of the TCI, whereas we used the 5-point Likert scale format of the TCI-R. Unfortunately, Abayrak et al. did not consider the effect of gender on the outcome variable.
The number of psychiatric hospital admissions was related to personality dimensions by gender because higher scores for NS were related to a higher number of admissions in males but not females, in whom a higher number of admissions was related to lower SD scores. In male patients, an increase in NS may be associated with an increased number of hospitalizations because of their impulsive decision making and active avoidance of monotony and frustration, which are indicators of low behavioral control. Interestingly, increased NS behavior has been associated with poor insight [40] and alcoholrelated problems [41] . Moreover, schizophrenia patients with comorbid alcohol abuse show highly selective and greater NS than patients without a dual diagnosis [42] . Notwithstanding, in female schizophrenia patients, a decrease in SD may be associated with an increased number of admissions because of their absence of goals and poor fit or adaptation to their environment, which is related to poor social functioning.
It is widely accepted that males and females differ in personality traits because of both biological and sociocultural factors. In this sense, estrogen, testosterone, and oxytocin have been proposed to play roles in gender differences in the biological bases of personality. Interestingly, total testosterone and free testosterone levels have been positively associated with NS in a male sample [43] , and genetic variation in the estrogen receptor alpha gene has been associated with HA in both males and females [44] . A large amount of evidence indicates that oxytocin is involved in social behavior, and recently, Tseng and colleagues have reported that in healthy participants, oxytocin blood levels are correlated with the total score and the interpersonal dysfunction dimensional scores of the Schizotypal Personality Questionnaire only in females [45] . Gender differences in social functioning, age of disease onset, course of illness, and other domains have also been reported for schizophrenia. Therefore, elucidating the role of gender in schizophrenia could help to better define the disease [13] .
Implications for future work
The present study has determined that gender is on the basis of differences in personality dimensions. This supports the consideration of gender in future studies of personality dimensions in psychiatric and non-psychiatric populations. Interestingly, personality has been related to other clinical conditions, such as cardiovascular risk [46] and depressive symptoms [47] . According to depressive symptoms, Kendler and Gardner have recently reported that personality and failures in interpersonal relationships play a stronger etiologic role in major depression for women than for men in a co-twin study that matched sisters and brothers on genetic and familialenvironmental backgrounds [48] . Therefore, their study shed light on the etiologic pathways underlying major depression by considering the gender differences.
Limitations of the study
Three important limitations of this study should be mentioned. The first limitation is that personality was assessed by the TCI-R and was not reviewed by other questionnaires. Notably, however, the personality dimensions measured by the TCI-R showed higher correlations with the Psychopathological personality Scales of the MMPI-2 PSY-5 in patients, supporting the convergent validity of the two constructs [39] . The second limitation of the study is that the symptomatology of patients was not assessed. Although patients were only evaluated when they were clinically stable and no prominent symptoms were present, we cannot rule out that psychotic symptoms were likely present and may have influenced the scores of personality dimensions as previously reported [11, 12, 18, 24, 49, 50] . Finally, a third limitation is that psychometric TCI properties such as reliability, factor structure and temporal stability could not be taken into account because they have not been extensively evaluated in psychotic patients.
